Abstract. In malaria-endemic regions of Latin America, little is known about malaria in pregnancy. To characterize the clinical and laboratory findings of maternal infection, we evaluated 166 cases of pregnant women infected with Plasmodium spp. in a prospective study conducted in northwestern Colombia during [2005][2006]. A total of 89.8% (149 of 166) had fever or a history of fever in the past 48 hours, 9.0% (15 of 166) had severe malaria, of which 66.7% was caused by Plasmodium vivax and 33.3% by P. falciparum. Hepatic dysfunction was the main complication (9 of 15) observed. The proportion of severe cases was similar for both species (P = 0.41). In malaria-endemic areas of Colombia, malaria in pregnancy has a broad clinical spectrum. In pregnant women, P. vivax infection frequently leads to organspecific complications.
INTRODUCTION
Malaria is the most devastating parasitic disease in the world. It impacts maternal health and causes severe anemia, abortion, premature labor, bleedings, and several clinical complications inherent to the infection, which threaten the lives of pregnant women. Of approximately 125.2 million women who become pregnant in malaria-endemic regions annually, 1 24 million are affected by the disease. 2 Pregnant women modulate their immune system towards an anti-inflammatory profile enabling them to tolerate the fetal and placental tissues, which creates a micro-environment conducive to growth and development of infectious agents, thus making them more susceptible to infections. 3, 4 Concerning malaria, this modulation means a higher disease frequency, a higher parasite density, and more complications in pregnant women. In hyperendemic and stable transmission areas, maternal infections by Plasmodium spp. are usually asymptomatic because of immunity acquisition at an early age. 5 In contrast, in unstable transmission areas, the risk of clinical complications, such as cerebral malaria, hypoglycemia, respiratory distress syndrome, and hemolytic anemia, is estimated to be three times higher. 6 There have been few clinical studies that investigated the effects of malaria in pregnant women in malaria-endemic regions of Latin America, where infections by Plasmodium vivax are more prevalent. 7 A search performed in the electronic databases PUBMED, MEDLINE, and BIREME in October of 2012, using the MeSH terms malaria, pregnancy, clinical findings, and Latin America, resulted in four publications on the subject. [8] [9] [10] [11] To characterize the clinical and laboratory findings of malaria in pregnancy (MIP) in a non-Amazonian endemic region of Colombia, we enrolled pregnant women who had been diagnosed with infection by Plasmodium spp. during the follow-up of a prospective study. Only maternal data were described and discussed. As secondary aims, we compared clinical and laboratory characteristics of infections with P. vivax and P. falciparum and the association of certain signs and symptoms to specific severe disease criteria. (Figure 1 ). Malaria has been one of the main public health problems in the region because of its magnitude. During 2000-2010, 16,578 annual malaria cases were reported (range = 5,068-30,429 cases), and an average annual malaria incidence rate of 43.9 cases/1,000 inhabitants (range = 8.9-65.7 cases/ 1,000 inhabitants) was calculated. A total of 76.4% of infections were with P. vivax and 23.5% with P. falciparum 12 ( Figure 2 ). Study design. This was a descriptive study that enrolled women with MIP. Cases were recruited from a hospital-based cohort of pregnant women who had participated in an epidemiologic study conducted by the Malaria Group at the University of Antioquia. At the same time as an initial diagnosis of Plasmodium spp. infection by blood smear was made, the expectant mothers were evaluated by field physicians who had been trained on applying a standardized clinical evaluation protocol for malaria cases and identifying signs of danger or complications. Because of limited financial resources, requests for clinical laboratory tests (blood chemistry and complete blood count) were based on the results of a physical examination. The clinical laboratory tests were used to identify possible complications and classify cases of acute uncomplicated malaria or severe malaria. All pregnant women received antimalarial treatment according to national protocols.
MATERIALS AND METHODS
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Case definition. Pregnant women infected with Plasmodium spp. during pregnancy or labor were classified according to the following criteria: Afebrile MIP was defined as nonfebrile infection with no history of fever in the last 48 hours. Uncomplicated MIP was defined as fever or a history of fever in the last 48 hours without a diagnosis of severe malaria. Severe MIP was defined as a diagnosis of clinical complications of malaria according to World Health Organization (WHO) criteria. 6 MIP with signs of danger was defined as clinical or parasitologic danger signs according to criteria proposed by Tobon. 14 These criteria have been evaluated in several clinical studies conducted in Colombia and Latin America and were used in a surveillance system of antimalarial drug to classify the severity risk of patient included in the follow-up. The MIP signs of danger were altered level of consciousness (score on the Glasgow coma scale of 13-10/15), at least one convulsion in the past 24 hours, coluria (dark urine and presence of blood or hemoglobin confirmed by dipstick test), jaundice (yellow pigmentation of sclera, conjunctiva, skin or mucous membrane), tachypnea for gestational age without fever (respiratory rate 24 before week 20 of gestation and 28 after week 20), spontaneous bleedings (ecchymosis and petechias in skin or mucosa, melena or hematemesis), intense pallor and heart murmur, persistent vomiting ( 4 episodes in 24 hours), persistent diarrhea ( 4 episodes in 24 hours), hyperpyrexia (axillar temperature 39.5 C), hypothermia (axillar temperature 35.5 C), and severe dehydration signs (dryness, impaired urinary elimination, and/or tachycardia and hypotension).
Laboratory procedures. Malaria infection was diagnosed by using a thick blood film. Blood samples were obtained by capillary puncture of a finger after asepsis and antisepsis. The first blood drop was discarded and subsequent blood drops were used for diagnosis. Thick blood smears were stained with Field's stain and viewed under a light microscope at 100 + magnification by an expert in microscopic diagnostic technique. Parasitemia was estimated against 200 leukocytes (8,000 leukocytes/μL as a standard value) and was expressed as parasites/microliter. For P. falciparum, parasitemia was calculated by counting ring forms and for P. vivax by counting all asexual forms. The thick blood smear was considered negative when no parasite forms were observed in at least 200 microscopic fields or when only gametocytes of P. falciparum were observed. All samples were revised by a second bacteriologist who confirmed the results. 18 Clinical laboratory measurements were performed at local hospitals by using automated equipment (MEK-8918 hematology analyzer and spectrophotometer RA-50).
Data analysis. Demographic and clinical data were entered into a database created by using the Statistical Package for Social Sciences version 17.0 for Windows (SPSS Inc., Chicago, IL). Descriptive statistics was used to establish the general characteristics of infected pregnant women, the clinical characteristics of the infection, and the clinical laboratory findings. Median and interquartile range (IQR) or mean and confidence interval were calculated for continuous variables (according to normal distribution of data), and absolute frequency and percentages were used for categorical variables. Mann-Whitney's test, chi-square test and Fisher's exact test were applied to compare clinical and laboratories findings of infections with P. vivax and P. falciparum, as well as the frequency of signs of danger between severe and uncomplicated MIP cases. A significance level of 5% was used.
RESULTS
A total of 220 pregnant women were diagnosed with infection by Plasmodium spp. in peripheral blood during the followup. Of these women, 166 had a physical examination (Figure 3) at the time of diagnosis. A total of 78.3% (n = 130) were infected with P. vivax and 21.7% (n = 36) with P. falciparum. The general characteristics of MIP cases included (n = 166) and the ones not included (n = 54) in the clinical analysis are shown in Table 1 . Only the number of antenatal care visits was statistically different between the groups (P = 0.02).
The 166 pregnant women infected with malaria were 13-43 years of age (median = 23 years, IQR = 18-29 years); 33.9% were 20 years of age and 1.8% were 15 years of age. A total of 79.5% had resided in a malaria-endemic area for 5 years (median = 16 years, IQR = 5-22 years), 78.2% had been pregnant at least once before, and 21.8% reported 3 pregnancies. The median number of antenatal care visits for the 166 pregnant women was 5 (IQR = 3-7 visits).
Clinical manifestations of MIP. Seventeen (10.2%) of the 166 women examined did not report fever associated with infection and were identified during the antenatal care screening. The remaining 149 women had consultations at malaria diagnosis sites, antenatal care programs, or emergency units of local hospitals for symptoms of illness. All women received antimalarial treatment according to severity of infection and parasite species. None of these women died.
Duration of illness before consultation showed a range of 1-35 days and a median of 4 days (IQR = 3-6 days) for pregnant women infected with P. vivax and a median of 3 days (IQR = 3-6 days) for those infected with P. falciparum (P = 0.943). The classic triad of fever, chills, and sweating was present in 87.9% of pregnant women; other symptoms present from the onset of the disease until the time of consultation were headache (97.6%), musculoskeletal pain (83.1%), and asthenia and adynamia (74.5%). A history of fever was most frequently reported in pregnant women infected with P. vivax compared with those infected with P. falciparum (92.3% vs. 80.6%; χ 2 = 4.236, P = 0.04). At the time of diagnosis, only 42 (25.6%) of the 166 pregnant women had fever. The most frequent clinical signs at the time of physical examination were conjunctival pallor (54.2%), palm pallor (30.1%), tachycardia (27.4%), fever (25.6%), abdominal pain on palpation (20.5%), and tachypnea (17.1%). Jaundice was less frequent in pregnant women infected with P. vivax than in the group infected with P. falciparum (8.5% vs. 22.9%, χ 2 = 3.950, P = 0.048). Laboratory findings in pregnant women with malaria. The median parasitemia among MIP cases caused by P. falciparum was 4,400 rings/μL (IQR = 600-6,760 rings/μL); 77.8% (28 of 36) had a parasitemia 10,000 rings/μL and 94.4% (34 of 36) had a parasitemia 50,000 rings/μL. Only 2.8% (1 of 36) of the counts were 100,000 rings/μL. For MIP cases caused by P. vivax, a median of 2,640 parasites/μL (IQR = 600-6,760 parasites/μL) was calculated; no women showed parasite densities 20,000 parasites/μL. Four pregnant women infected with P. falciparum had schizonts circulating in peripheral blood; and only in one patient was this finding accompanied by dysfunction of a specific organ (hepatic dysfunction).
Complete blood count. A complete blood count was performed in 113 pregnant women during the malaria episode; the median hemoglobin level was 10.3 (IQR = 9.4-11.4) g/dL. Anemia (hemoglobin level 11 g/dL) was diagnosed in 66.4% (75 of 113) of pregnant women and 4.0% (3 of 75) had severe anemia (hemoglobin level 7.0 g/dL). The lowest hemoglobin concentration was 5.4 g/dL in a pregnant woman infected with P. vivax. The median platelet count was 140,000 (IQR = 95,000-181,000) platelets/μL; 57.5% (65 of 113) of pregnant women had thrombocytopenia (count 150,000 platelets/μL) and 3.5% (4 of 113) had severe thrombocytopenia (count 50,000 platelets/μL).
Clinical laboratory tests. The most frequently requested clinical laboratory test was for glycemia (54 of 166 pregnant women) and the least requested was for alanine aminotransferase (ALT), (30 of 166). The median serum creatinine level was 0.7 (IQR = 0.6-0.9) mg/dL (reference range = 0.4 to 0.8 mg/ dL), and the median blood urea nitrogen (BUN) level was 13.8 (IQR = 9.3-18.8) mg/dL (reference range = 7.8-18.0 mg/dL). Thirteen patients had serum creatinine levels 0.8 g/mL and 20 had BUN levels 12 mg/dL. In six patients, both of these levels were abnormal and the serum creatinine:BUN ratio was 8, which in pregnant women indicates acute renal failure of prerenal origin. The medians of serum total bilirubin (TB) and serum direct bilirubin (DB) levels were 1.2 (IQR = 0.6-2.3) mg/dL (reference range = 0.2-1.0 mg/dL) and 0.5 (IQR = 0.2-1.3) mg/dL (reference range = 0.0-0.3 mg/dL), respectively. A total of 57.7% of pregnant women had a TB level 1.0 mg/dL, and 13.5% had a TB level 3.0 mg/dL. A total of 64.7% had a DB level 0.3 mg/dL and 25% had a DB level 1.0 mg/dL; two pregnant women had levels 2.0 g/dL: one was infected with P. falciparum (2.4 g/dL) and the other was infected with vivax (3.1 g/dL). The median ALT level was 16.0 (IQR = 12.9-25.3) U/L (reference range = 10.0-40.0 UI/L). A total of 13.3% (4 of 30) had levels 40 U/L and one patient with MIP caused by P. vivax had a level three times above the reference range (228 U/L). The median venous plasma glucose level was 88.5 mg/dL (IQR = 74.0-102.3 mg/dL) at the time of malaria diagnosis. Mild-to-moderate hypoglycemia (range = 40-70 mg/dL) was found in 13.2% (7 of 54) of the patients; none had severe hypoglycemia ( 40 mg/dL). There were no differences in the clinical laboratory levels (P 0.05) according to parasite species (Table 2) .
Severe malaria in pregnancy. Based on WHO criteria for severe falciparum malaria, 9.0% (15 of 166) of MIP cases were classified as having severe infections. A total of 66.7% (10 of 15) were infected with P. vivax and 33.3% (5 of 15) were infected with P. falciparum. In 86.7% (13 of 15) of patients with severe malaria, only one complication was found; 13.3% (2 of 15) had 1 complication. Hepatic dysfunction was the most frequent complication in all patients with severe cases (9 of 15 patients). The frequency of complications in MIP by species is summarized in Table 3 . 
CLINICAL FINDINGS IN MALARIA IN PREGNANCY IN COLOMBIA
Danger signs of malaria. Among the 166 pregnant women, 60 showed at least one danger sign of severe malaria at the time of clinical evaluation. The most frequent were coluria (12.0%), jaundice (11.4%), tachypnea without fever (10.2%), hyperpyrexia (3.6%), and signs of severe dehydration (3.0%) ( Table 4 ). Intense pallor plus heart murmur showed a correlation with severe anemia (χ 2 =15.992, P = 0.05, by Fisher' exact test). Jaundice was more frequent in patients with TB levels 3.0 mg/dL (χ 2 =13.449, P = 0.019, by Fisher's exact test) and in those with spontaneous bleedings (χ 2 = 4.725, P = 0.051, by Fisher's exact test). Coluria showed a correlation with TB levels 3.0 mg/dL (χ 2 = 0.638, P = 0.032, by Fisher's exact test). Clinical syndromes identified in 166 pregnant women with malaria according to Plasmodium spp. are shown in Table 5 .
DISCUSSION
This study is the first report on maternal clinical and laboratory characteristics of MIP in Colombia. A total of 10.2% of pregnant women examined were afebrile. This percentage can be considered high in the epidemiologic context of Colombia because other studies reported the absence of afebrile infections in regions of active transmission. 19 However, afebrile infections in pregnant women have frequently been reported in some areas of unstable transmission in Latin America: 1.7% in Honduras and 21.1% in Brazil. 8, 10 One of the difficulties in determining and classifying asymptomatic infections in pregnant women is that it is impossible to follow-up patients who did not have treatment because of the high risk of maternal and neonatal adverse effects associated with the infection. A high percentage (19.4%) of pregnant women infected with P. falciparum were afebrile; this might have been caused by immunity acquired to the parasite present in these regions. A certain degree of immunity can be developed before reaching the reproductive age, and although symptoms are alleviated, infection is not prevented. This finding highlights the need to promote active control of the infection during antenatal visits in unstable transmission areas, 20 with the objective of decreasing the risk of complications such as maternal anemia or congenital malaria. 21, 22 Pregnant women are three times more susceptible to malaria-related complications than non-pregnant women. In addition, infection increases mortality in this group, which may reach up to 50%. 23 Plasmodium falciparum is the species most frequently associated with severe disease and the risk of death. In our study, criteria for severe malaria were observed in 7.7% (10 of 130) pregnant women infected with P. vivax and in 13.9% (5 of 36) of those infected with P. falciparum, but no statistically significant differences were observed. Excluding hyperparasitemia, 11.1% (4 of 36) of P. falciparum MIP cases would be classified as severe because of organspecific dysfunction. Frequency of severe organ dysfunction in pregnant women does not depend on parasite species (P = 0.75). Infections with P. vivax have been considered benign in comparison with infections with P. falciparum. This widely accepted concept has been questioned recently. Potentially mortal infections with P. vivax have been reported by Baird since 1998 in more than 20 countries that have active transmission of P. vivax. 24 Complications caused by this species are cerebral malaria (including generalized convulsions and epileptic state), severe hepatic dysfunction, respiratory distress syndrome and pulmonary edema, shock, acute renal insufficiency, spleen rupture, severe thrombocytopenia and hemorrhage, and severe anemia. 24 In Latin America, severe morbidity caused by P. vivax was reported in pregnant women in Brazil and Venezuela. Hepatic dysfunction was found in 4.7% and 8.3% of pregnant women infected with this species, respectively. 9, 10 The second study also diagnosed spontaneous bleedings in 25% of pregnant women. The reasons for this organ-specific damage caused by P. vivax infection in the population, and in pregnant women in particular, are not understood. Recent observations provided evidence for parasite sequestration in the pulmonary microvasculature. 25 In addition, recent studies report cytoadherence of P. vivax-infected erythrocytes to endothelial receptors. 26 Furthermore, microrheologic research showed increased aggregation, agglutination, and reduction in deformability of P. vivax-infected erythrocytes. 27 Patients infected with P. vivax showed increased levels of interferon-γ and tumor necrosis factor showed a linear correlation with the possibility of developing severe malaria. At the same time, increased levels of interleukin-10 have been associated with a decreased possibility of severity. 28 Cytokine imbalance has been associated with severe anemia and alterations in hepatic and renal function tests, as well as with severe maternal anemia and low birth weight. 29 Some findings suggest that it may be necessary to adapt the WHO criteria for severe malaria to particular population groups. According to WHO, renal failure associated with malaria is diagnosed by a serum creatinine level 3.0 mg/dL or by a BUN level 40 mg/dL. 6 During pregnancy, renal blood flow and glomerular filtration rate increase from 50% to 60%. 30 These changes lead to an increase in creatinine renal depuration that implicates a decrease of serum creatinine and BUN. If we applied WHO criteria, one case of renal dysfunction (serum creatinine level 3 mg/dL) was identified. If standard clinical criteria for pregnant women had been used (creatinine levels 0.8 g/mL and BUN levels 12 mg/dL), 33 cases with renal dysfunction of pre-renal origin caused by hypoperfusion secondary to malaria infection would have been identified. The fact that some of the mild or moderate renal dysfunctions were accompanied by other organ dysfunctions highlights the systematic process of inflammation that might cause severe disease and mortality. The WHO defines hepatic dysfunction as TB levels 3.0 mg/ dL and ALT levels 120 UI/L. 6 Although the liver does not show signs of important alterations during pregnancy, these criteria are exaggerated for an adult. The standard clinical criteria for hepatic function abnormality (TB level 1.0 mg/dL, DB level 0.3 mg/dL, and ALT levels 40 UI/L), 30 is 3.5 times more sensitive in identifying patients with hepatic dysfunction than the WHO criteria. Because hepatic dysfunction is the main complication of MIP, one goal of clinical attention is to identify the cases as soon as possible to offer timely treatment. 15 In hyperendemic and stable-transmission countries, a P. falciparum parasitemia 4% of parasitized erythrocytes (approximately 200,000 rings/μL) is believed to increase the risk of complications. 31 In Latin America, patients with 100,000 rings/μL are common. In Turbo and Tumaco, Colombia, only 10% of the severe cases showed parasitemia 100,000 rings/μL. These patients generally had at least one organ dysfunction criterion. Another study reported parasitemia 50,000 parasites/μL in 52% of the severe cases. 15 Some researchers do not consider hyperparasitemia of P. falciparum as a sign of severity unless it is accompanied by an organ dysfunction. It is important to point out that no range values have been established for P. falciparum counts in relation to risks for complications and deaths in pregnant women. Further studies are needed to establish a possible prognostic factor that would be useful for pregnant women.
The need for early identification of malaria-related complications has been frequently promoted because it is needed for timely treatment and decreasing the possibility of death. Danger signs may be an adequate tool for the early detection of complications.
14 Although such signs have not been established for pregnant women, the signs recommended for the general population were adopted in this study. A total of 36.1% of the pregnant women affected by malaria showed signs of danger, regardless of the parasite species with which they were infected.
The association of some danger signs with specific complications was established in a previous study. 15, 16 In pregnant women, pallor plus heart murmur showed a correlation with severe anemia. A hemoglobin level 11.0 g/dL is considered evidence of pallor and is accompanied by a heart murmur when the level is 7.0 g/dL and leads to hemodynamic alterations to ensure adequate oxygenation of vital organs and the fetus. The diagnostic value of pallor as criteria for identifying anemia as an independent symptom or in combination with other symptoms has been evaluated in pregnant women. Severe anemia in expectant mothers is most frequently accompanied by other clinical manifestations (e.g., asthenia and adynamia, tachycardia, tachypnea). In Kenya, Shulman and others reported that conjunctival pallor accompanied by tachycardia or tachypnea was a more sensitive diagnosis criteria for anemia than pallor alone (81% vs. 69%). 32 Another sign related to malaria related complications was jaundice. In this study, it was most frequently found in pregnant women with hepatic dysfunction and in those who had spontaneous bleedings. Although it was more frequent in the pregnant women with a TB level 3.0 mg/dL, we also found a significantly higher frequency in pregnant women with lower levels. This finding was also observed for pregnant women who had DB levels 1.0 mg/dL. These findings suggest that jaundice could by caused by hepatic tissue damage rather than by the hemolytic process, and therefore indicates that this sign enables diagnosis of hepatic dysfunction cases in pregnant women with malaria at an early stage of severity. Spontaneous bleedings were probably caused by alterations in hepatic production of some coagulation factors associated with liver hypoxia. Coluria was more frequent in pregnant women who had TB levels 3.0 mg/dL. This finding had been reported in malaria patients, 16 and its suitability in pregnant women is confirmed by results of the present study. In accordance with previous reports, this danger sign was associated with moderateto-severe hepatic dysfunction. 16 These results confirm the role that some danger signs play in identifying severe malaria cases in pregnant women and highlights their suitability for malaria diagnosis.
This study had four main findings. In unstable-transmission malaria areas, MIP may include the whole clinical spectrum, from the afebrile infection to severe malaria. Plasmodium vivax maternal infections are frequently accompanied by organ-specific complications. Hepatic dysfunction and spontaneous bleedings are the most frequent complications in MIP cases and are present in 70% of severe cases. Signs of danger in pregnant woman with malaria show a correlation with organ-specific dysfunction.
